


































































































































































































































































































































































































































































































































































































































































































































































































































FIGURE 1 

Phoenix 211 Optional Data Port Configuration 
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Note: 1. The optional data port interface connector and 
coupler connector have the same functional signal/ 
pin assignments to facilitate this operation. 

2. The required coupler cable can be readily configured 
by adding one additional coupler ribbon cable 
connector to the coupler cable 6" from the end of 
the formatter end of the coupler cable. 

6.0 Data Transfer Mode Switching 

Disk transfers may be conducted between the controlling computer 
and disk or external equipment connected to the optional ~ata 
port and disk. Switchi.ng between these two modes of operation 
normally requires manual connection of the appropriate coupler 
or external equipment cable to the optional data port inter­
face connector. 

Automatic program controlled mode switching requires the addition 
of one "Autoswitch" printed circuit board assembly to the 
disk controller at additional cost. 

7.0 Optional Data Port User Interface Signal Definitions 

Note: All interface signals are low active. 

7.1 Bidirectional Data Bus = DMDATA,L-DMDATA15L 

The 16 bit bidirectional data lines are used to transmit disk 
data between the internal disk formatter memory and user 
equipment normally connected to the optional data port inter­
face connector. Timing relationships required in trans­
ferring data over the data bus is given in detail in section 

7.2 Direct Memory Access Direction Control - DMDIRL (From Formatter) 

This signal is a level controlled by the Phoenix formatter 
and sent to the user external equipment to define the direc­
tion in which 4ata is to move over the data bus during any 
disk data transfers. 

I 

This signal is active (low) when data is to be transferred 
from the formatter to the user during any disk read data 
transfer operations. 

This signal is inactive (high) when data is to be transferred 
from the user to the formatter during a disk write data 
transfer. 

4 
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7.3 Data Transfer Request - DMREQ(L) (From Formatter) 

.1 This signal is used by the formatter to initiate data 
transfers between it and user equipment connected to the 
optional data port . 

• 2 The DMREQ(L) signal is associated with the state of the 
formatter internal FIFO memory . 

. 3 In a Disk Write operation the DMREQ(L) signal will be 
active when the formatter is busy, the internal FIFO 
memory buffers are not full, and the Word Count Overflow 
(WCROVFL) Signal has not been received from the user inter­
face . 

• 4 In a disk read operation the DMREQ{L) Signal will be active 
when the formatter is busy, the internal FIFO memory 
buffer contains any data (is not empty) and the Word 
Count Overflow (WCROVFL) Signal has not been received 
from the user interface . 

. 5 The user inte'~face must sample the state of the DMA 
Request Signal . 

. 6 The DMACK (L) Signal is ut:ilized to facilitate DMA look­
ahead capability for multiple cycle transfers. 

7.4 pata Transfer Ackn<?_wledge :~~al - DMACK (L) (To Formatter) 

.1 This signal is issued hy the user interface to acknowledge 
receipt of a D.MREQ(L) signal from the formatter . 

. 2 Upon receipt of the DMACK(L) signal the formatter inter­
rogates the FIJITO memory content and will modify the state 
of the DMREQ(L) signal accordingly . 

. 3 The DMREQ(L) signal may be sampled 200 NS after the 
leading edge of DMACK signal to facilitate multiple 
cycle look-ahead transfer implementations. 

7.5 Write Data Transfer Strobe- DMLDSTB(L) (To Formatter) 

This signal is pulsed by the user interface to the formatter 
during a Write Data Transfer to the formatter when the data 
on the bidirectional data bus is valid. 
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This signal is used by the formatter to strobe data from the 
bidirectional bus into internal FIFO memory, and may be 
activated a minimum of 150 NS after data is gated onto the 
bidirectional data bus. . 

7.6 Read Data Transfer Strobe - DMRDSTB(L) (To Formatter) 

1. This signal is activated by the user interface during a 
read data transfer from the forme~ter to the user inter­
face, when the user is ready to accept data from the 
formatter. 

2. Upon receipt of the DMRDSTB(L) signal the formatter will 
put data on the bidirectional data bus. 

3. Data will be guaranteed to be valid 150 NS after receipt 
of DMRDSTB(L) by formatter. 

4. User may strobe data from bidirectional data bus any time 
after the 150 NS period. 

5. The DMRDSTB(L) signal may then be removed. User may in 
fact use the trailing edge of the DMRDSTB(L) signal to 
strobe data from bus into his· own logic •.. >-

7.7 Word Count Overflow - WCROVFL (To Formatter) 

A pulse or high-to-low transition indicates to the formatter 
that the word count register in the user interface has over­
flowed, and that no more data transfers will take place. 

7.8 Disk Transfer .Done - DSKXFRD(L) (From Formatter) 

This signal, when true, signifies that ·the disk word count 
register has overflowed and the formatter has reached the End 
of sector mark. This signal is reset by issuing a new command 
to the formatter. The user interface may use this signal to 
detect data transfer errors. The error conditions are: 

WRITE OPERATION: 

READ OPERATION: 

Disk Transfer Done occurs before the 
user word count overflows. 
The user word count overflows before 
Disk Transfer Done is generated. 

6 

o 

c 



( 

( 

B.O Disk Write Data Transfer Timing Sequence 

8.1 Write Operation Definition 

A "Write" disk formatter operation, for purposes of this 
discussion, is defined as being a transfer of 16 bit 
date words from the user interface to one of the formatter 
internal FIFO memories and thence to the selected disk 
drive. 

8.2 Interface Timing Reference 

All "timing information given, unless otherwise specifically 
noted, is at the Formatter cable interface. 

8.3 Write Operation Initiation 

A "Write" operation is initiated by activating the For­
matter "Go" bit after properly loading the Formatter 
registers with appropriate parameters defining the specific 
operation to be performed. 

Note: A complete disk controller consisting of the Phoenix 
200 Formatter and a user external equipment interface 
actually contains two Word Count Registers, one 
within the user interface and one within the 200 
Formatter. 

The user interface Word Count Register controls 
the number of words transferred between the 
Phoenix 200 Formatter and external equipment, 
while the formatter word count register controls 
the number of words transferred between the 
formatter and the selected disk drive. 

Both Word Count Registers should be pre-set to 
the same count before any data transfer operation 
is initiated. 

8.4 Data Transfer Direction Establishment by DMDIR 

When the write operation is specified, the formatter 
immediately establishes the direction of all DMA data 
transfers required by putting formatter signal DMDIR 
in the inactive (high) state. 

This signal will remain at this high level for the 
duration of any write operation. 
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8.5 Data Transfer to Formatter FIFO Memory Overview 

8.6 

1. At the start of a writer operation the internal 
formatter FIFO memories are empty. 

2. The formatter will request data transfers from the 
user interface to fill the buffer memories before 
disc synchronization is accomplished. 

Once the FIFO buffer memories are full, data transfer 
requests are made only on a demand basis to keep the 
buffers full until the Word Count Overflow Signal 
(WCROVFL) is detected. 

3. The formatter contains an internal timer which quarantees 
that the internal FIFO memories have had time to be 
sufficiently loaded with data before data transfers 
between the FIFO memories and the disk drive are 
allowed to begin. 

Note: The guaranteed buffer load period is variable and 
may have to be increased if the maximum data 
transfer rate possible through the user interface 
is not fast enough. 

The factory interval setting should be adequate 
for all current generation computers. 

Write Data Transfer ~cle Seguence (Reference FiS· 7) 

8.6.1 Each write cycle data transfer is initiated by DMREQ (L) 
being active, indicating that the associated buffer 
is not full and is requesting more data. 

8.6.2 Upon detection of DMREQ(L) (and the availability of. 
data from user equipment) the user should put the data 
for the next word to be transferred on the formatter 
optional data port bidirectional data bus. 

8.6.3 A minimum of lsONS. later the user initiates the strobing 
of the data into one of the internal formatter FIFO 
memories by activating the DMLDSTB(L). 

(The lsONS delay from data enabling to leading edge of 
data strobe allows for data skew, propagation, and 
settling time.) 
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8.6.4 

( 
8.6.5 

8.6.6 

8.6.7 

8.6.8 

8.6.9 

8.6.10 

8.6.11 

8.6.12 

The DMACK signal may be issued at any time during the 
current cycle or at some convenient time previous to 
the current cycle. (Transfer Look Ahead) . 

The DMLDSTB(L) Data Strobe Signal should be a minimum of 
lOONS wide. 

The user must maintain data on the bus lSONS minimum 
after the leading edge of·the DHLDSTB(L) signal. 

The transfer request signal associated with the FIFO memory 
loaded by the data transfer will become valid a minimum 
of 200NS from the leading edge of the DMACK Signal, 
providing the FIFO memory is not yet full. 

After the data for a given cycle has been transferred per 
the above, subsequent data transfers may take place by 
repeating the sequence as appropriate. 

DMLDSTB(L) Strobe Signal frequency must not exceed 2.0MHZ 
(SOONS period). 

Note: The user effect,ively controls the Write DMA data 
transfer rate and timing by controlling the 
DMLDSTB (I.) and DMACK Signals. 

The user interface logic should increment the Word 
Count Register at the beginning of each data transfer 
cycle so that a logic decision to terminate upon Word 
Count Register Overflow can be reached before the end 
of the last cycle. 

Write DMA data transfers from the user interface to the 
formatter internal FIFO memories terminate when the 
Word Count Overflow Signal (WCROVFL) is received from 
the user interface. DMREQ(L) if active will be returned 
to the inactive state within 200NS of the leading edge 
of the SWROVFL Signal. 

The Word Count Register Overflow Signal generated by 
the user interface may be either a pulse or a level but 
must be a minimum of lOONS wide. 

If the Word Count Overflow Signal is issued prematurely 
by the user, DMA transfers terminate immediately, but 
the controller will continue to write alternately the 
last two words transferred to the FIFO memories onto 
the selected disk until the formatter internal Word 
Count Register Overflows and the end of the last 
addressed sector is reached. 
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FIGURE 7 

OPTIONAL DATA PORT 
PHOENIX 200 FORMATTER 

WRITE DATA TRANSFER TIMING DIAGRAM (3 FULL CYCLES) 

(FIFO Full) 

I" Cycle f 1 ,.. Cycle f 2 !. Cycle , X r Cycle X + 1 1 
, GO 500 Min.· .. ) -- .. 

F ~(L)" ~NOte 6 

Source Signal 

F tMDIRL 

U tMACK eL) < I' \ ,.} 

U BUSDATA +.! ( It 

S LJ 
>0 I S L1 I LJ 

I -hoo~ ~ tMLDSTB (L) I 5 L 01: : u I 15 1. 
I min nun 

I 500 Min 
I 

Notes: : I 
1. Timing is at Fonnatter Interface Camector I 
2. All Signals are active when low (Negative IDgic) at Interface 
3. Data en Buss is valid during n,rul)TB(L) Pulse Interval 
4. Transfer rate is controlled by dSel: by controlling frequency of tMDSTB (L) am rM%CK 

~ 

5. All tilresare m. nanosec:xmds 
6. DmEX;l(L) is not valid until 200 ns min. after leading edge of IH\CK(L) 
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9.0 Read Data Transfer Timing Diagram 

9.1 Read Operation Definition 

A "Read" disk formatter operation for purposes of this 
discussion is defined as being a transfer of 16 bit data 
words from the selected disk to the Phoenix 200 Formatter 
and thence to the user interface. 

9.2 Interface Timing Reference 

All timing information given, unless otherwise specified, 
is at the Formater Optional Data Port interface connector. 

9.3 Read Operation Initiation 

A "Read" operation is initiated by activatingthe 
formatter "GO" bit after properly initializing the 
formatter registers with appropriate transfers defining 
the specific operation to be performed. 

9.4 Data Transfer Direction Establishment by DMDIR Signal 

9.5 

9.5.1 

9.5.2 

9.5.3 

9.5.4 

When the read operation is specified the formatter 
immediately establishes the direction of all data 
transfers required by forcing the DMDIR Signal to the 
active state (low). 

This signal will remaian at this state for the duration 
of any read operation. 

Data Transfer from Formatter to User Interface Overview 

At the start of a read operation, the formatter internal 
FIFO memories are empty. 

Data transfers from the selected disk to the FIFO 
memories will begin when the disk is on the correct 
cyclinder and sector. 

Words received from the selected disk are alternately 
temporarily stored in one of the two internal FIFO 
memories. All odd words are normally stored iN FIFO 
memory #1 while all even words are stored in FIFO memory 
#2. 

Data transfers to the user interface are initiated when 
data is present in the FIFO memory and will persist 
until no data is contained in either FIFO memory. 
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9.5.5 

9.5.6 

9.6 

9.6.1 

9.6.2 

9.6.3 

9.6.4 

9.6.5 

9.6.6 

9.6.7 

9.6.8 

9.6.9 

Data flow from the selected disk to the FIFI memories 
terminates when the formatter internal Word Count register 
overflows. 

Data flow from the FIFO memories to the user interface 
terminates when the Word Count Register in the user 
interface overflows and activates the WCROVFL Signal. 

Read Data Transfer cycle Sequence (Reference Fig. 8) 

Each read data transfer cycle is initiated by DMREQ(L) 
being active, indicating that the associated FIFO memory 
buffer contains data to be transferred to computer memory 
via the user interface. 

Upon detection of DMREQ(L) the user, when his interface 
is ready to accept data, should activate the DMRDSTB(L) 
Signal. 

The formatter, upon detection of the DMRDSTB(L) Signal, will 
put the data to be transferred on the formatter data bus. 
A maximum of 200 NS from the leading edge of a DMRDSTB(L) 
pulse, data is guaranteed to be valid at the Formatter 
interface connector. -~~~ 

The user should strobe data from the bus into the user 
interface 300NS minimum from the leading edge and 
during the DMRDSTB(L) Signal Interval. 

The DMRDSTB (:L) Signal pulse must be a minimum of 350NW wide. 

The formatter, upon detection of the trailing edge of 
the DMRDSTB Signal Pulse, will immediately remove data 
from the formatter bus. Data, then, is not valid after 
DMRDSTB(L) is removed. 

THE DMRDSTB(~) Signal, once removed at the end of a read 
DMA data transfer, must remain inactive for a minimum of 
200 NS before it can be activated again for the next 
read data transfer cycle. 

The DMACK Signal may be issued at any time during the 
current cycle or at some convenient time previous to the 
current cycle. (Transfer Cycle Look Ahead). 

The data transfer request signal will become valid a minimum 
of 200 NS from the leading edge of the DMACK Signal providing 
there is another data word available in FIFO memory. 
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Source Signal 
'GO' 

I 
F Dr1REQ (L),_-+ ____ -. 

F DMDIRL 

U DMACK(L) 

U DMRDSTB (, I _ '< _ I 

F BUS DATA 
VALID(L) 

~ 

FIGURE 8 
Phoenix 200 Formatter 

Reaj Timinq Diagram (Two Cycles) 

Optional Data Port Interface 

I Cycle # 2 

(FIFO Empty) 

Cycle i X 

~\ 

Cycle X + I 

U :: =BE-(L-)II-.----------f----:l.d 

Notes: 

1. Timing is at Formatter Interface Connector. 

2. All signals are active when low (negative logic) at interface. 

3. Data On Buss is valid 200 ns from leading edge of DllRDSTB (:L)to end of Dr-1RDSTB (L) Pulse. 

4. Transfer rate is controlled by user by cuntrolling frequency of mlRDSTB (L) & DMACK. 

5. All times are in nanoseconds. 

6. DHREQ(L)i.s not valid until 200 ns min. after leading edge of DMACK(L). 
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9.6.10 

9.6.11 

9.6.12 

9.6.13 

After the read data for a given cycle has been transferred 
from the formatter to the user interface per above, sub­
sequent read data transfers may take place as required by 
repeating the above sequence. 

Note: The user effectively controls the read Data 
Transfer Timing and data transfer rate by 
the DMRDSTAB(L) and DMACK Signals. 

The user interface should increment the Word Count 
Register at the beginning of each read data transfer 
cycle so that a logical decision to terminate upon 
word count overflow can be reached before the end of 
the last cycle. ' 

Read data transfers from the formatter to the user 
interface terminate when the Word Count Register over­
flow signal (WCROVFL) is activated by the user interface. 

DMREQ(L) if active will be returned to the inactive 
state within 200NS of the leading edge of the WCROVFL 
Signal. 

The WCROVFL signal may be@ither a pulse or a level 
but must be at least a minimum of lOONS-wide. 
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10.0 

( 10.1.1 

10.2.1 

10.3.1 

10.4.1 

, 10.5.1 

10.6.1 

( 

10.7.1 

10.7.2 

Data Transfer Considerations 

Two First in First Out (FIFO) memories are contained in the 
Phoenix 200 Formatter. All data to be transferred to or 
from disk drives connected to the formatter is buffered in 
one of the two FIFO memories in the formatter. 

The two FIFO memories in the formatter are alternately used 
for temporary data storage on a word basis in order to 
maximize data transfer throughout rate. 

Normally all odd words are buffered in FIFOl while all even 
words are buffered in FIF02. 

Maximum theoretical data transfer (16 bit words) rate is 2.0 
MHZ which is more than ample for interfacing to current 
generation computers and associated peripheral equipment. 

The actual data transfer rate in a disk sUbsystem using the 
Phoenix 200 Formatter is determined by the user. 

All formatter interface signals are negative active at the 
user connector. 

Data transfers normally utilize the same 16 bit bidirectional 
data bus used for direct program control register loading 
and reading. 

Data transfers may be optionally made over a separate 16 bit 
bidirectional data used exclusively for data. 

The optional data port interface is available on all printed 
circuit versions of the Phoenix 200 Formatter and requires a 
separate cable and associated connectors. 

If the standard data buss is used for DMA data transfers, the 
user coupler interface must resolve any formatter bus usage 
arbitration necessary to insure that no attempt is made to use 
the formatter bus for DMA and direct program control 
operations during the same physical bus cycle. 

The DMACK signal must be issued only once for each data 
transfer. 
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RECOMMENDED INTERFACE 
OPTIONAL DATA PORT 

Drivers, Receivers, Termination, and Cabl~ 

SIGNAL LEVEL DEFINITION: 
ALL SIGNALS ARE LOW, ACTIVE TRUE 

LEVELS: TRUE= LOW= 0.1 VDC @ 100MA 

FALSE= HIGH= 3.5VDC 

DATA BUS DRIVERS/ RECEIVERS/ TERMINATION (BIDIRECTIONAL) 

CUSTOMER INTERFACE FORMATTER 

RECEIVED 
DATA 

AMD-AM26Sl~ 

-::>r Equivalent 

CONTROL SIGNALS DRIVERS/RECEIVERS/TERMINATION 

CUSTOMER/FORMATTER -----

-- . 

RECOMMENDED CABLE 

I 
L 

CUSTOMeR/FORMATTER 

r--'-
I +5 

I 100 

I 
L 

SIG-SP3BO . 
SIG-BT37 

-= NAT-DM8837 
or Equivalent .- -

3M Part No. 3416/50; Flat Cable with Ground Plane and Drain Wire 
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~HOENIX 200 fORMATTER 

OPTIONAL DATA PORT 

( 
USER INTERFACE CONNECTOR SIGNAL/PIN ASSIGNMENT 

PIN # SIGNAL NAME DIRECTION 

1 GND 
2 GND 
3 GND 
4 DB~L BI 
5 DB1L BI CONNECTOR TYPE USED ON 
6 DB2L BI BOARD 2 OF FORMATTER: 7 DB3L, BI 
8 DB4L BI 3M # 3433 - 1002 
9 DB5L BI 

10 DB6L BI 
11 DB7L BI 
12 DB8L BI 
13 DB9L BI 
14 DB10L BI 
15 DB11L BI 
16 DB12L BI 
17 DB13L BI 
I8 DB14L BI NOTE: BI denotes BIDIR-19 DB15L BI 
20 ECTIONAL signal 
21 
22 
23 

( 24 WCROVFL TO FORMATTER 
25 
26 DMRDSTB(L) TO FORMMATER 
27 DMLDSTB(L) TO FORMATTER 
28 
29 
30 
31 
32 
33 
34 
35 
36 DMREQ (L) FROM FORMATTER 
37 DMDIRL FROM FORMATTER 
38 
39 
40 
41 
42 DMACK(L) TO FORMATTER 
43 DSKXFRD(L) FROM FORMATTER 
44 
45 
46 
47 
48 GND 
49 GND 

('"' 50 GND 
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1.0 Introduction 

4r This manual is intended to provide the user all of the informa­
tion necessary to utilize the Autoswitch option to the Phoenix 
211 Disk Controller. 

( 

2.0 Autoswitch Functional Definition/Description 

2.1 The Autoswitch Assembly Option is used in conjunction with the 
Optional Data Port Interface of the Phoenix 211 Disk Controller. 
(Reference: Phoenix 211 Optional Data Port Manual) 

2.2 The Autoswitch option enables the Optional Data Port Interface 
of the Phoenix 211 Disk Controller to conduct data transfers 
with either computer memory or user supplied external equip­
ment under direct program control. 

2.3 The Autoswitch Option is in effect a programmable digital 
electronic switch, with two positions; Computer Port Enable 
and External Port Enable. 

2.3.1 Computer Port Mode. When the Autoswitch is in the Computer 
Port Mode, data transfers can be conducted between the com­
puter memory adn the Data Port Interface of the Phoenix 211 
Disk Controller. 

This permits the user to access data from and store data on 
any disks connected to the Phoenix 211 Disk Controller. 

2.3.2 External Equipment Mode. When the Autoswitch is in the Ex­
ternal Equipment Port Mode, -data transfers can be set up by 
the computer program, but all data transfers will take place 
between the user supplied external equipment and the Data 
Port Interface of the Phoenix 211 Disk Controller. 

This capability maximizes the total system throughput by 
eliminiating the necessity to transfer large amounts of bulk 
data from user external equipment to computer memory and 
thence from computer memory to the disk drive(s). 

2.3.3 Switch Position Control 

2.3.3.1 Program Control. The position or mode of the Autoswitch 
is programmable and may be changed by the execution of 
one computer instruction. (See Section 4. ) 

2.3.3.2 Manual Control. A Manual Control Switch is physically 
provided on each Autoswitch Assembly to permit direct 
manual control of the Autoswitch position or mode. 

- 1 -



3.0 General Specifications 

3.1 Physical Size = 8~" X 15" Standard 

1.) 8~ X 15" Standard Hex Printed Circuit Board with Notch 
cut at connector locations A & B to permit board to be 
mounted in outside slots (1 & 4) of standard DEC 0011 
Systems Unit Assembly. 

3.2 Weight: 1.5 Lbs. excluding cables 

3.3 Power Requi.rements: 2.0 amps +5V+lO% VOC 
(Supplied by-computer or systems unit 
backplane) 

3.4 Environmental: Temperature and humidity tolerances exceed 
those required by the host computer system. 

3.5 Connector Cabling Requirements 

3.5.1 External Equipment Port = Connector J2 

3.5.2 Computer Data Port 

3.5.3 Phoenix 211 Data Port 

4.0 Programming Interface 

4.1 General 

= Connector Jl 

= Connector J3 

The programming of the Autoswitch is as simple as possible. 
One bit is provided, the state of which is controlled 
directly by the programmer, and which also determines the 
mode of the Autoswitch. 

4.2 

This bit can be both loaded and read. 
given in the following subsections. 

Autoswitch Control Re2ister (Typical 

15 8 7 6 

Further. specifics are 

Address - 164600) 

$f 
I 

Not Used 51 Not Used 
1 

Autoswitch Mode Control 

- 2 - C','\ ; 
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4.2.2. Register Format Explanation 

4.2.2.1 The Autoswitch Mode Control (Bit 07) is the only bit used 
in the word. All other bits when the register is read 
will be zeros. 

4.2.2.2 The state of the Autoswitch Mode Control Bit directly deter­
mines the state of the Autoswitch Mode per the following: 

Autoswitch Mode Control 
Bit State 

$J 
I 

Autoswitch Mode 
Selected 

Computer Port 
External Equipment Port 

4.2.3 Initialization Mode. The Austswitch Mode Control bit is in­
itialized to the reset or Computer Port Mode state at system 
initialization. 

4.3 Timing Considerations - None 

The Autoswitch switches mode immediately upon command. 

5.0 Autoswitch Register Address Selection (Reference Drawing DI-016-02A, 
Sheet 2) 

5.1 The address of the Autoswitch Mode Control Register is completely 
manually selectable by staples at component locations 08 and 09 on 
the Autoswitch printed circuit board assembly. 

5.2 These staples are labeled AO-A12 and shown on Sheet 2 of logic 
drawing DI016-02A. 

5.3 The nominal staple settings shown represent a base address of 
164600. 

5.4 Table 1 shows the staples used to control the Autoswitch Register 
address and the corresponding assigned address bits. 

5.S Appendix A shows the block of addresses to be used for multiple 
Autoswitch Assignments. 
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TABLE 1 

Phoenix 211 Autoswitch 

Mode Control Register Address Selection 

(Reference D1016-02A Sheet 2) 

Address 

Al2 
All 
AIO 
A09 
A09 
A08 
A06 
A05 
A04 
A03 
A02 
AOI 

NOTE: 
1.) 

2. ) 

Bit Controllin9; 

Staple Removed = logic I 
Staple Inserted = logic _ 

- 4 -

Staele 

Al2 
All 
AIO 
A09 
A09 
A07 
A06 
AOS 
A04 
A03 
A02 
AOI 

Desi9;nation 

r\ 
. \i.. ... ) 



6.0 Manual Mode Control of Autoswitch Mode 

6.1 A manually controlled switch is provided at the top left hand 
side of the Autoswitch printed circuit board assembly. 

This switch is provided to facilitate debugging and mainten­
ance of the Autoswitch by enabling an operator to manually 
force the Autoswitch into the External Equipment Port Mode. 

6.2 External Equipment Switch Position 

When the mode control switch is in the External Equipment posi­
tion, data will be transferred between external equipment sup­
plied by the user and the Optional Data Port Interface on Board 
2 of the Phoenix 200 Formatter irrespective of program commands. 

This is accomplished by unconditionally forcing control element 
C11 shown on Sheet 2 of D1016-01B to the set or External Equip­
ment state. 

6.3 Computer Port Switch Position 

When the mode control switch is in the Computer Port Position, 
data will normally be transferred between the computer memory 
and the Optional Data Port Interface on Board 2 of the Phoenix 
200 Formatter, unless the Autoswitch is specifically commanded 
to the External Equipment via a user program. 

In effect the Computer Port Switch position is the "normal" 
switch position and enables the Autoswitch mode to be controlled 
via user program commands. 

NOTE: 

If the Autoswitch Mode Control Switch is put into the "External 
Equipment Port" position and is then returned to the "Computer 
Port" position, the Autoswitch will remain in the External 
Equipment Port Position until a initialization Signal is issued 
by the host computer or the Autoswitch is specifically commanded 
to the "Computer Port" position via a user program. 

7.0 Phoenix 211 Autoswitch System Configuration and Installation 
(Reference Figure 1) 

Figure 1 shows the physical relationship between the Autoswitch 
and other elements of a Phoenix 211 disk subsystem. 

- 5 -



FIGURE 1 

AUTOSWI~CH SYSTEM CONFIGURATION 
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Phoenix 211 Autoswitch Manual 

AEl2endix B 

(-
Computer Port Connector (Jl) Signal/Pin Assignment 

PIN # SIGNAL NAME DIRECTION 

Jl GND 
J2 GND 
J3 GND 
J4 DB~L BI 
J5 DBIL BI 
J6 DB2L BI 
J7 DB3L BI 
JB DB4L BI 
J9 DB5L BI 

JlO DB6L HI 
JIl DB7L ----IiI NOTE: BI denotes 
J12 DB8L B1 BIDIRECTIONAL 
J13 DB9L BI signal 
J14 DBIOL BI 
J15 DBllL BI 
J16 DB12L BI 
J17 DB13L BI 
JIB DB14L BI 
J19 DB15L BI 
J20 

( 
J2l 
J22 
J23 
J24 WCROVFL TO FORMATTER 
J25 
J26 DMRDS'rB (L) TO FORMATTER 
J27 DMLDSTBfL) 'fO FORMATTER 
J28 
J29 
J30 
J3l 
J32 
J33 
J3il 
J35 
J3E:; DMREQlL) FROM FORMATTER 
J37 DMDIRL FROM FORMATTER 
J38 
J39 
JilO 
Jill 
Jil2 DMACKlL~ TO FORMATTER 
Jil3 DSKXFRD{L~ FROM FORMATTER 
Jilil 
Jil5 
J~b 
Jil7 

(~i Jila GND 
./ Jil9 GND 

J50 GND 



PIN # 

J3-1 
J3-2 
J3-3 
J3-4 
J3-S 
J3-6 
J3-7 
J3-S 
J3-9 

J3-10 
J3-11 
J3-12 
J3-13 
J3-14 
J3-15 
J3-16 
J3-17 
J3-1S 
J3-19 
J3-20 
J3-21 
J3-22 
J3-23 
J3-24 
J3-25 
J3-26 
J3-27 
J3-28 
J3-29 
J.3-30 
J3-31 
J3-32 
J3-33 
J3-34 
J3-35 
J3-36 
J3-37 
J3-38 
J3-39 
J3-40 
J3-41 
J3-42 
J3-43 
J3-44 
J3-45 
J3-46 
J3-47 
J3-4S 
J3-49 
J3-50 

Phoenix 211 Autoswitch Manual 

Appendix C 

Data Port Connector (J3) Signal/Pin Assignment 

SIGNAL NAME 

GND 
GND 
GND 

DBIL 
DB2L 
DB3L 
DB4L 
DB5L 
DB6L· 
DB7L 
DBSL ·1 
DB9L 
DBIOL 
DBIIL 
DB12L 
DB13L 
DB14L 
DB15L 

WCROVFL 

DMRDSTB(L) 
DMLDSTB(L) 

DMREQ(L) 
DMDIRL 

DMACK(L) 
DSKXFRD(L) 

GND 
GND 
GND 

DIRECTION 

BI 
BI 
BI 
BI 

. BI 
·BI 

BI 
BI 
BI 
BI 
BI 
BI 
BI 

. BI 
BI 

TO FORMATTER 

TO FORMATTER 
TO FORMATTER 

FROM FORMATTER 
FROM FORMATTER 

TO FORMATTER 
FROM FORMATTER 

NOTE: BI denotes BIDI­
RECTIONAL signal 

------------------------------_. ---- - ---------------- ----
--- --

'", / 

c 
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Appendix D 

( External Equipment Connector (J2) Signal/Pin Assignment 

PIN # SIGNAL NAME DIRECTION 

J2-1 GND 
J2-2 GND 
J2-3 GND 

DB~L BI 
DBlL BI 

J2-4~ ______ ~~~ ________________ ~~ ____ __ 
J2-5 
J2-6 DB2L 
J2-7 DB3L 
J2-8 DB4L 
J2-9 DB5L 

J2-10 DB6L 
J2-l1 
J2 -[2<-. ----=-:::-:; 

DB7L 
DB8j~ 

J2-r?3 
J2-f4'-----= 

DB 91, 
DBlot. 

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI ---_.,,-
BI 

J2-1~5 
J2-l~6~------~~~--------------~~-----

DBllL BI 
DB12L BI 
DB13L BI 
DB14L BI 

J2-17 
J2-1~8~------~~~----------------~~-----

J2-19 
J2-20 
J2-2l 
J2-22 

( ' J2-23 
J2-24 
J2-25 
J2-26 
J2-27 
J2-28 
J2-29 
J2-30 
J2-31 
J2-32 
J2-33 
J2-34 
J2-35 
J2-36 
J2-37 
J2-38 
J2-39 
J2-40 
J2-4l 
J2-42 
J2-43 
J2-44 
J2-45 
J2-46 
J2-47 
J2-48 

C .. ·.,·,J2-49 
,J2-50 

DB15L 

WCROVFL 

DMRDSTB(L) 
DMLDSTB(L) 

DMREQ (L) 
DMDIRL 

DMACK(L) 
DSKXFRD(L) 

GND 
GND 
GND 

BI 

TO FORMATTER 

TO FORMATTER 
TO FORMATTER 

FROM FORMATTER 
FROM FORMATTER 

TO FORMATTER 
FROM FORMATTER 

NOTE: 

1.) CONNECTOR USED ON 
AUTOSWITCH IS 
BERG 65268-011. 

2. ) REQUIRED USER MATCH-
ING CONNECTOR IS 
3M3433-l002 OR 
EQUIVALENT. 

3. ) BI denotes BIDI-
RECTIONAL signal 
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Appendix E 

External Equipment Port Required User Specifications 

. . JBCOMMENDED Il~TERFACB 
OPTIONAL DATA PORT 

Drivers, Receivers, Termination, and Cable 

SIGNAL LEvEL D~FINITION" . 

LEVELS: 
ALL SIGNALS ARE LOW , ACTIVE TRUE 
TRUB- LOW- 0.7 VDC @ 100MA 

FALSS-·BIGB- 3.SVDC 

DATA BUS DRIVERS/ RECEIVERS/ TERMINATION ~BIDIRECT~ONAL) 

CUSTOMER ~NTERFACB 

I 
I 

L._~ 

3~1 
-= I··: 

TI-75138 . 
AMD-AM26S1_ 
ar~valent 

1 . . 

I 
........ ~ . . .....• . ' .. --

~~-.- . 

. 1 

··L·~ 

POBMAT'l'BR. 

" 
... 

CONTROL.SIGNALS DluwRS/RECEIVERS/TERMINATION 

CUSTOMER/FORMATTER COSTOMBR/FOBMAT'l'ER . 

" 

100 

754~2B . 
or EquJ.va1ent-

r--­I ..' '+5 

I 100 

SIG-SP380. 
SIG-ST37 -= NAT-DNSS37 
or Equivalent_ 

!mcal-mENDED CABLE 0 
3M Part No. 3476/50, Plat Cable with Ground. Plane and Drain Wire ..... ~ 
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7.1 

7.2 

7.2.1 

7.2.2 

7.2.3 

----~. --_._-_ .. __ ... _. __ ..... 

Autoswitch Board Installation 

The Autoswitch Board is physically a standard "hex" printed cir­
cuit board with a notch in the A & B connector section. The 
board may be physically plugged into a standard small peripheral 
controller slot (SPC) in any PDPll computer or BAlIK Expansion 
Box backplane. Installation of the Autoswitch Board simply con­
sists of physically plugging it in to any available backplane 
slot after having first determined the mode control register 
address via staple selection as outlined in Section 5. 

computer Port Cabling (Jl) 

The Computer Port on the Autoswitch is physically provided by 
connector Jl on the Autoswitch Board. (Connector Jl is the 
rightmost connector on the top of the board. Reference Assem­
bly Drawing 01016-03) 

Jl, the Computer Port Connector is physically cabled to J3 of 
the Phoenix 211 Coupler Board and Jl of board 1 of the Phoenix 
200 Board 1 as shown on Figure 1., via Cable B/PL 1016-07A. 

Installation of the Computer Port Cable is accomplished by 
simply plugging the labelled cable connectors. 
into the matching connector receptables on the Autoswitch 
Board, 211 Coupler Board and Board 1 of the formatter. 

7.3 Data Port Cabling (J3) 

7.3.1 The common Data Port Interface of the Autoswitch is physically 
provided by connector J3 on the Autoswitch Board. (Connector 
J3 is the leftmost connector on the top of the board. Refer­
ence Assembly Drawing 01016-03) 

7.3.2 J3, the Data Port Connector is physically cabled to Jl of 
board 2 of the Phoenix 200 Formatter as shown on Figure 1 via 
cable 

7.3.3 Installation of the Data Port Cable is accomplished by simply 
plugging the labelled cable connectors into the 
matching connector receptacles located on the Autoswitch and 
board 2 of the Phoenix 200 Formatter. 

7.4 External Equipment Port Cabling (J3) 

7.4.1 The user External Equipment Port of the Autoswitch is physically 
provided by connector J2 on the Autoswitch Board. (Connector 
J2 is the center connector on the top of the board. Reference 
Assembly Drawing 01016-03) 

- 6 -



7.4.2 J2, the External Equipment Connector is to be physcially 
connected to user supplied external equipment as shown on 

~ Figure 1. 

r 

NOTE: 

1.) The user designed external equipment interface 
logic must conform to the Phoenix 211 Optional 
Data Port Interface electrical and signal timing 
specifications as outlined in the Phoenix 211 
Optional Data Port Interface Manual. 

2.) Appendix D defines the required physical connector, 
cable and signal pin assignments of user equip­
ment to be connected to this interface. 

8.0 Autoswitch Testing (Reference Figure 2) 

The Autoswitch may be tested completely using the standard 
supplied Phoenix 211 Disk Diagnostics and two cabling con­
figurations as shown in Figure 2. 

8.1 Test Position 1 - Computer Port Data Path Test 

8.1.1 In the Computer Port Data Path Test, the Coupler cable is 
connected to the Autoswitch Computer Port Connector and 
the Autoswitch is electrically switched to the Computer 
Port position. 

NOTE: 

This is the default mode of the Autoswitch. 

8.1.2 All data transferred between the disk and the computer is 
thus 90nstrainedto flow through the Computer Port of the 
Autoswitch and the. Optional Data Port Interface of the 
Phoenix 200 Formatter. 

8.1.3 The integrity of the Autoswitch Computer Port Data Path 
is verified by running Diagnostic Tests 0 - 25 as a single 
group. 

8.2 Test position 2 - External Port Data Path Te~t 

8.2.1 In the External Data Path Test the coupler cable is connected 
to the Autoswitch External Port Connector and the Autoswitch 
is electrically switched to the External Port position under 
direct program control •. 

NOTE: 

1.) The Autoswitch may be forced to the External 
Equipment Mode by putting the Manual Mode Control 
Switch located on the top of the Autoswitch Board 
to the External Equipment Position. 

- 7 -
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2.) The Autoswitch may be switched to the External 
Equipment Mode under control of the supplied 
Phoenix 211 Diagnostic Program by depositing 

1 in location AUTOSW of the program. ------
·8.2.2 All data transferred between the disk and the computer is 

thus constrained to flow through the External Port of the 
Autoswitch and the Optional Data Port Interface of the 
Phoenix 200 Formatter. 

8.2.3 The integrity of the Autoswitch External Port Data Path 
is verified by running Diagnostic Tests 0 - 25 as a single 
group. 

8.2.4 The Autoswitch External Port position is selected by 
depositing a "1" into the "Autoswitch" control memory 
location of the diagnostic program prior to initiating 
the test. 

- 8 -
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Appendix' A 

Au'to'switch Unibus' Addres's Assiqrune'nts 

Autoswitch unit No. Assigned Base Address 

1 164600 
2 164602 

3 164604 

4 164606 

5 164610 

6 164612 
7 164614 
8 164616 

9 164620 
;c 

10 164622 I 
·,",,0/ ') 

11 164624 
12 164626 
13 164630 

14 164632 

15 164634 

16 ' 164636 

17 164640 

18 164642 

20 164646 
21 164650 

22 164652 

23 164654 

24 164656 
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1. Purpose 

Phoenix 211 Disk Controller 

Multiple Computer Port Option 

The multiple computer port option enables up to four PDPll 
Computers to retrieve data from and store data on common 
storage module type disk drives connected to one Phoenix 
200 Disk Formatter. Access to the common formatter is 
provided on a selectable equal priority or controlled 
priority basis. 

2. Overview - (Reference Figure 1) 

3.0 

3.1 

Each PDPll Computer in a multiple computer disk subsystem 
contains a Phoenix 211 Coupler Board which physically 
interfaces the computer to the common formatter bus. 

The common formatter bus is "daisy-chained" from the 
formatter to each of the 211 couplers associated with each 
computer to be included in the disk system. The formatter 
interface is terminated at the last· 211 coupler board. 

Arbitration logic is contained within the formatter to 
insure that the common formatter resource is allocated 
to the connected computers on a request basis with 
failsafe timeout provisions. 

Operation 

General 

The common formatter is "shared" between all computers 
in the system on a mutual exclusive basis. Requests are 
made to the computer port arbitrator by each of the 
computers whenever disk operations are to be performed. 

The arbitrator fields all requests for the use of the 
formatter and assigns the formatter to the requesting 
computer ports on a equal or selectable controlled priority 
basis. 

Once the formatter has been assigned to a given port, 
the associated computer may use the formatter to conduct 
as many disk operations as desired. When the formatter 
is so assigned to one computer port in the system all 

1 
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other computer ports are prohibited from using the formatter. 

The formatter is normally released for use by other ports 
when the current assigned computer port removes its "request" 
signal at the conclusion of its disk operations. 

However, the arbitrator also monitors actual formatter 
usage and will automatically reassign the formatter to 
another port if no activity is detected on the currently 
assigned port within a selectable, predefined time interval. 

When the formatter is assigned to a requesting computer 
port by the arbitrator an interrupt is automatically 
generated to the associated computer by the 211 coupler 
board to facilitate system software. 

3.2 Detailed Operation 

3.2.1 

3.2.2 

Formatter Request Bit (Bit 5 of the 211 DCSR) 

Requests for use of the formatter by any computer port 
are initiated by setting the "Formatter Request" Bit. 

This Bit sets an internal control memory element which 
sends a unique request signal to the arbitrator. 

No further action can be taken by the programmer until the 
arbitrator assigns the formatter to his port, at which time 
the controller becomes ready and will generate an interrupt, 
if enabled. 

The Formatter Request bit must be set and the port 
be assigned as per above before any disk operations can 
be initiated. 

Computer Port Assignment 

1. 

2. 

3. 

The arbitrator utilizes a four state scanner and asso­
ciated control logic to allocate the common formatter 
to the maximum of four computer ports. 

When the formatter is unassigned, the arbitrator se­
quentially scans the request signals from the com­
puter ports. When a request signal is detected the 
scanner is stopped and the binary state is issued to 
all computer ports over two signal interfaces. 

Each computer port is assigned a strappable port 
number. (~-3). See Appendix A for staple selection. 

When the assigned port number is issued by the arbi­
trator, all requesting ports automatically compare this 
value with the associated preassigned physical port 
number. 

3 



3.2.3 

3.2.4 

3.2.5 

The requesting port associated with the matching 
preassigned port number then becomes ready, generates 
an interrupt to the host computer, and is free to 
initiate any and all appropriate disk transfers via 
the formatter. 

Formatter Release 

When all desired disk operations have been completed by 
the current assigned computer port, the formatter is 
released for use by other computer ports by resetting 
the Formatter request bit. 

This removes the associated port 
request signal to the formatter arbitrator, and causes 
the arbitrator to reassign the formatter to some other 
requesting computer port. 

Formatter Reassignment Priority Options 

Computer Port Formatter Requests may be serviced on a 
selectable equal priority or a controlled priority basis. 

If the equal priority option is chosen, the arbitrator 
scanner will always sequentially scan all of the computer 
ports for formatter requests. Hence, all computer ports 
have an equal opportunity to obtain formatter access. 

If the controlled priority option is selected, the arbi­
trator scanner will always be reset to state _ when re­
leased, and then sequentially scan the associated ports 
for new requests. 

Hence, this option a~signs the highest priority to port 
_ and the least priority to port 3. 

Automatic Timeout Port Reassignment 

The arbitrator contains a automatic timeout feature 
which will automatically reassign the formatter to 
another requesting port if no activity is detected on 
the currently assigned port within a selectable, prede­
fined interval. 

4 
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4.0 Physical Configuration 

4.1 Phoenix 211 PDPll Coupler 

One Phoenix 211 PDPll Coupler Board is required for 
each PDPll Computer that is to utilize the Phoenix 
200 Formatter. 

4.2 Phoenix 200 Formatter 

The common Phoenix 200 Formatter is packaged in one PDPll 
systems unit and may reside in anyone of the system 
PDPll computers. 

The formatter physically interfaces to the system disk 
drives. 

4.3 Coupler Cabling 

A shielded ribbon cable is required between the formatter 
and each cpu coupler card. 

5 



APPENDIX A 

MULTIPLE CPU STAPLE SELECTION 

1) To enable the Multi-CPU option 

A) Install W36 on Phoenix 200 Board 1 
B) Remove W22 on Phoenix 211 coupler card 

2) 211 Coupler Port Selection 

iPort W54 W55 W56 W57 W36 W37 W38 W39 

-- -- -- -- -- -- -- -
flY IN OUT OUT OUT IN OUT OUT OUT 

1 OUT IN OUT OUT OUT IN OUT OUT 

2 OUT OUT IN OUT OUT OUT IN OUT 

3 OUT OUT OUT IN OUT OUT OUT IN 

NOTE: On a given system each coupler must be assigned 

~ different port number. 

3) To enable the controlled priority option install W41 on 
Phoenix 200 Board 1. 

it' '~, 

IlY~ 
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1. Introduction 

Storage ~~dule media is not as perfect as Disk Drive Vendors 
would like it to be. The bit recording density of about 
6000 bpi is state of the art and requires a head flying 
height and coating thickness of about 20 micro-inches. 
(The figure for 2314 type packs is 60 micro-inches.) 

Practical testing has revealed that 100' of all unrecover­
able errors are one, two or three bit bursts. Disk Drive 
Vendors specify that a track shall not have more than ~ 
burst error and it, in turn, shall be no longer than 11 
bits long. Cylinder 0 (heads 0 and 1) shall have no errors. 
Also, there shall be no more than 30 correctable error 
tracks per 80 MB pack. 
Based on the above, a Storage Module Disk System has the ability 
to either bypass bad tracks or to perform error correction on 
them. One solution to the potential problem is an error 
correction scheme. 

2. Principles of Error Detection 

A checkword is appended to the message (data field) when the 
information is written on the disk. The checkword is obtained 
as the remainder when the message is divided by a carefully 
chosen number known as the generator polynomical. 

C N Bits .. 

E- H inf bits ~ +- (N-H) ~ 

The above figure shows a message of M information bits having 
added to it (N-H) redundancy bits. The redundancy bits are 
achieved as follows: 

Let 14 (X) equal the message polynomial. 
Let P(X) equal the generator polynomial. 

Hence, M(X) = Q(X) + ReX) where O(X) and ReX) are respectively 
the quotient and remainder following division. The quotient 
has no real significance and is discarded but R(X) becomes 
the (N-H) redundancy bits shown above. Hence, the total mess­
age (information plus redundancy) can be expressed as: 

(N-14) 
N(X) = X M(X) + R(X) 

= Q(X) P(X) 

If the received message can be divided by the polynomial 
P(X) without a remainder, then it has been received correctly 
and further action is not needed. 

------~--- --- ----~----
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Choice of Polyn~~jal 

The strength or weakness of a redundancy scheme is intimately 
tied to the choice of polynomial and this depends on the type 
of errors to be expected. Data transmission suffers from 
long burst errors. High-speed solid-state memories suffer 
from isolated single-bit errors. Rotating magnetic memories 
compromise between these two extremes and suffer from short 
bursts (1-3 bits). The polynomial chosen was a Fire Code 
and thus is of the following form: 

P(X) = P1(X) (XC + 1) 

Where P(X) is the generator polynomial for a Fire Code; this 
must have two properties. (1) P1(X) is a primitive (irreduc­
ible) polynomial of degree H and order E. (Note, the degree 
of a polynomial is defined to be the greatest pOlil1er of X in 
whhch the coeffici.ent is non-zero and E is defined t,o be 
(2 -1). (2) The parameter C must not be divisable by E. 

The above Fire code polynomial will have the following prop­
erties: (1) 'I'he length of the code, N, is equal to the least 
common multiple of E and C. This works out to be (2M-l)C. 
(2) The number of redundancy bits is equal to (M+C). (3) The 
number of information bits, r1, is equal to (2~"1-l) C- (r-HC) . 

The polynomial chosen for the Phoenix 211 Disk Controller is 
as follows: 

11 2 21 
P(X) = (X + X + "I) (X + 1) 

The degree of the P1 (X) portion is 11 and E is therefore 
equal to (2 11_1) or 2047. The length of the code is equal to 
(E-C) where C equals 21. Hence, code length equals (2047-21) 
bits. The number of redundancy bits is equal to (n + C) or 
(11 + 21). 

In summary, the above polynomial will support a record length 
up to 2680 words and each record will be followed by a 32 bit 
checkword. 

Error Detection and Correction Performance 
11 2 21 

The polynomial chosen was P(x) = (X + X +1) (X + 1) 
32 23 21 11 2 

= X + X +X +X +x +1 

This will detect two error burst of combined length 22, one 
error burst of length 32 and any odd number of errors. This 
will correct any single burst up to 11 bits long. 
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5. ProgrammingDetails 

The Phoenix 211 has an ECC (error correction code) capa­
bility which will detect and correct an error by reconstruct­
ing a portion of the data within the specified code word 
length, which is fixe~ The burst ECC code will correct 
an errOr which must fall within the specified length of 
the burst. The actual location of the burst within the 
~word (data field of a sector) is irrelevant. 

Any errors outside the specified burst length will be de­
tected but not corrected. The Ece hardware, in this case, 
will yield an Eec uncorrectable error. The Phoenix 211 
logic contains the hardware to find the burst within which 
the read error is included and determine the exact location 
of the burst within the data field. 

The ECe pattern register contains the actual error burst 
and the ECC positon register contains the address for de­
termining the actual location of the error burst within 
the data field. 

NOTE: The actual correction of the data field is done by 
the software with the help of the ECC position and 
Ece position and Ece pattern registers. 

6. ECC Register Formats 

(A) ECC Bit Position Register (764016) 

BPR BPR BPR BPR 
4096 2048 1024 

14 13 12 11 10 9 

Bit 

0-12 

Name 

Bit Position Address 
(Read Only) 

BPR 

7 

BP!< BPR BPR BPR BPR IBPR I BPR 

654 321 0 

Function 

Contains the exact location 
of the error burst within 
the data field following the 
completion of the error 
correction procedure. Upon 
completion of the ECC pro-
cess the formatter will load 
this register with the physi­
cal location of the firstbit of 
the ll-bit error burst. The 
position register will only 
be loaded if the ECC logic 
is enabled by having the Ece 
Inhibit Bit reset. 

It---': 
~-~ 



( 

Bit 

13-14 

15 

Name 

Not Used 
(Read Only) 

Uncorrectable ECC 
Error (Read Only) 

Function 

Always zeros 

Set when the conclusion of the 
error correction procedure in­
dicates that the error was an 
uncorrectable ECC error. Cleared 
by UNIBUS INIT, Formatter Clear, 
or a "GO" Bit. 

(B) ECC Pattern Register (764020) 

ECC ECC 
EC:C PAT PAT 
INHB , , , , 10 9 
15 14 13 12 11 10 9 

Bit 

0-10 

11-14 

~ 15 

Name 

ECC Pattern 
(Read Only) 

Not Used 
(Read Only) 

ECC Inhibit 
(Read/Write) 

ECC 
PAT 

8 
8 

.-
ECC ECCIECC ECC ECC ECC ECC EC 
PAT PAT [PAT PAT PAT PAT PAT PA 

7 
- 7 

6 5 4 3 2 l II 
6 5 4 3 2 1 

Function 

Contains the actual error burst 
available at the completion of 
the ECC internal to the formatter 
logic error correction process. 
These bits will be exclusive ORld 
with the eleven bits in error by 
software. The software will use 
the contents of the ECC ~osition 
Register to find the actual loca­
tion of the error burst in the data 
field, then the error burst itself 
will determine the bits in error 
within the II-bit field. 

Always Zeros 

Set when the software desires to 
inhibit error correction. If ECC 
Inhibit is set, error correction 
code is disallowed; if ECC Inhibit 
is reset, the error correction pro­
cess is allowed. Cleared by Unibus 
INIT, formatter clear, or by writ­
ing a zero. 

If a data error is detected at the 
end of the data transmission in 
the read mode with the ECC Inhibit 
Bit reset, the formatter will 
immediately go into the ECC correct­
ion process. Prior to beginning 
the correction process, the for­
matter \'1111 also set the CRC Error 



Function(Cont'd.) 

Bit (Bit 8 of the Error Status 
Register), which will remain set 
until a UNIBUS Init, formatter 
Clear, or a "GO" Bit is re­
ceived. 



APPENDIX A 

ECC DUAL HEADER FOR CDC SMD'S 9760, 9762, 9764, 9766 

Preamble ~~C HDR HDR GAP HDR HDR Preamble #:2 pat a DATA DATA POSTAMBLE I #1 1 1 CRC 16 2 2 CRC pync ECC(CRC) 
240 Bits 2 Bit 32 Bits 32 Bits ~eros 32 Bits 32 Bits 96 Bits ~Bit 4096 Bits 32 Bits 428 Bits I 

1 

~. ., ~ 



APPENDIX 8 

ECC Board I Switch Settings (300-03l-90X) 

Normal Operation 

K7-l ON 
K7-8 ON 
K7-2 ON 
K7-3 ON 
K7-7 ON 

E5-3 ON 
E5-7 ON 
E5-4 ON 
E5-5 ON 

All other switches OFF ...---- -

For Normal Operation with BeC with 256 Words/Sector 

K7-l ON 
K7-8 ON 
K7-2 ON 
K7-3 ON 
K7-7 ON 

06-2 ON 
06-5 ON 
06-7 ON 
06-8 ON 

E5-3 ON 
E5-4 ON 
E5-5 ON 
E5-8 ON 
E5-6 ON 

07-1 ON 
07-3 ON 
07-4 ON 
07-5 ON 
07-8 ON 

C2-l ON 
C2-7 ON 

All other switches OFF -- -
/' 

I 
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XYLOGIC OEM COMPONENTS GROUP, INC. 

42 Third Avenue 

Burlington, Massachusetts 01803 

ROM Bootstrap Board 

& 

Phoenix 211 Disk Controller Bootstrap Program 



1. General Description 

The Xylogic ROM Bootstrap Board is a quad sized printed circuit 
board which may be plugged into any standard small peripheral 
controller (SPC) I/O slots in any standard PDPll Unibus backplane. 

The ROM Bootstrap Board contains sockets to accommodate up to a 
maximum of 512 words of PROM program storage. 

2. Phoenix 211 Disk Controller Bootstrap Program 

2.1 The Bootstrap Program for the Phoenix 211 Disk Controller is con­
tained in two 32 x 8 Proms on the bootstrap printed circuit 
board. 

2.2 The Phoenix 211 Disk Controller Program starting address is 173700. 

2.3 The boot program utilizes disk drive unit ~ of a Phoenix 211 Disk 
Drive Subsystem. 

2.4 The program reads data absolute from sectors ~ and 1 (sector ~, 
head ~, cylinder ~) of unit ~ and transfers data obtained to com­
puter memory starting at absolute memory location zero. 

2.5 When the boot operation is successfully completed program control 
is transferred to absolute memory location ~. 

2.6 If an error is detected, the operation will be repeated. 

3. Phoenix 211 Dis! Controller Bootstrap Program Inst'allation Procedure 

3.1 Plug the XYLOGIC ROM Bootstrap Board Assembly into any available 
standard small peripheral controller I/O slot in the PDP1l computer 
or Expansion Box. 

Caution: Insure that all system power is off before 
plugging or removing any boards in system. 

" -.-."--,,.-~,,-.---
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3.2 Turn power on system. 

3.3 Verify proper operation of Bootstrap Board by checking proper 

ROM content via computer console. 

3.3.1 Set 173700 in Console Switch Register 

3.3.2 Momentarily Depress the Console "Load Address" Register 

Switch 

3.3.3 Momentarily depress the "Examine" Console Switch 

3.3.4 Observe that the contents of the Phoenix 211 ROM Boot­

strap Program memory location is the same as that 

specified on the Phoenix 211 Bootstrap Program Listing. 

3.3.5 Repeat steps 3.3.3 and 3.3.4 until all of bootstrap 

memory locations have been verified for proper content. 

4. Phoenix 211 Disk Controller Bootstrap Program operating Procedures 

4.1 Insure that disk drive unit ~ contains proper operating system 

disk pack, has power applied, and is enabled for use. 

4.2 Set 173700 in Console Switch Register 

4.3 Put Console "Enable/Halt" Switch in "Enable" position 

4.4 Momentarily depress the console "Load Address" Switch 

4.5 Momentarily depress the console "Start" Switch 

4.6 Absolute Sectors ~ and 1 of disk drive ~ will then be read, trans­

ferred to memory, and control transferred to absolute memory loca­

tion zero. 
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Phoenix 211 Disk Controller 

1.0 MAINTENANCE PHILOSOPHY 

The maintenance philosophy for the Phoenix 211 Disk Controller 
that appears to make the most sense for Xylogics and the ma­
jority of its customers is: 

1. Troubleshoot to the printed circuit board level 

2. Swap out any defective boards 

3. Have any defective boards repaired at the factory for a 
nominal charge. 

Execution of such a maintenance philosophy should result in 
minimizing customer down time and facilitate third party 
or customer service of equipment in the field. Accordingly 
all Xylogic documentation is geared towards isolation of any 
problems to the board level. 

-1-



2.0 PHOENIX 211 DISK SUBSYSTEM USER MAINTENANCE ALTERNATIVES 

2.1.0 GENERAL 

A Phoenix 211 Disk Subsystem consists of the Phoenix 211 Disk 
Controller and at least one disk drive. The disk controller 
is solid state and requires no preventitive maintenance, while 
the disk drive requires regularly scheduled preventitive main­
tenance in order to keep it operating. 

Three options are open to the user with respect to maintenance 
of a Phoenix 211 Disk Subsystem. 

Contracted Third Party Maintenance (ICE) 
On Call Maintenance (ICE/XYLOGICS) 
User Maintenance 

2.1.1 THIRD PARTY MAINTENANCE 

Third Party Maintenance of a Phoenix 211 Disk Subsystem is nor­
mally available through Iomec Customer Engineering, Incorporated 
(ICE). ICE has offices nationwide, and can provide service on 
a reasonable monthly contract basis for both the Phoenix 211 
Disk Controller and associated disk drives. Typically, a main­
tenance contract with ICE covers scheduled preventitive main­
tenance calls and parts and labor on repair calls. Third Party 
Maintenance is strongly recommended for small OEM and end users. 
Response time for contract maintenance is less than 8 hours. 

2.1.2 ON CALL MAINTENANCE 

On Call Maintenance is sometimes opted in lieu of contracted 
maintenance. On Call Maintenance can be obtained according to 
the following groundrules. 

1. Response Time: 

On Call Maintenance requests for service to ICE will be 
honored only after all outstanding requests for contracted 
service have been taken care of. On Call Maintenance re­
quests for service to Xylogics will be honored only in the 
event that service from ICE is not available in the cus­
tomer area. Such service will be scheduled at Xy1ogic's 
convenience. A user opting for On Call Maintenance must 
be willing to live with possible response times of 24-96 
hours, since he is at th~ bottom of ICE and Xylogic priority. 

2. Charges: 

Charges for On Call Maintenance visits are based on a time, 
materials, and expense basis. Hence, a customer will pay 
for all material, any and all travel expenses, and direct 
labor at a predefined rate. A Purchase Order number, to 
cover all such charges, will be obtained from any USer 
prior to making the service visit. 

-2-
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2.3 Considerations: 

A user who chooses to utilize On Call Maintenance, rather 
than Contract Maintenance is effectively betting that the 
equipment will be reliable to the point that the On Call 
costs will be less than the Contract Maintenance costs. 

Such a user must be willing to live with the slow response 
time and be willing to take the risk that it may cost him 
more if a catastrophic disk drive failure occurs. 

Thirdly, such a user must also assume the responsibility 
for seeing that the proper disk drive preventitive main­
tenance procedures are followed or he can be guaranteed 
of a catastrophic disk drive failure. 

2.1.3 USER MAINTENANCE 

2.1.3.1 

2.1.3.2 

In User Maintenance the user assumes complete maintenance re­
sponsibility for the Phoenix 211 Disk Subsystem. To perform 
maintenance properly, the user must have both capable trained 
personnel and proper maintenance equipment. 

SPARES AND MAINTENANCE EQUIPMENT REQUIREMENTS 

A list of the required equipment necessary for the mainten­
ance of both the Phoenix 211 Disk Controller and a Control 
Data Corp. 9762, 80 Megabyte Disk Drive are listed in Appen­
dix A. Note that the capital outlay for spare parts and 
main:::enance equipment is in excess of $8000.00. 

TRAINED PERSONNEL REQUIREMENTS . -,~ 

The most important ingredient in a user maintenance program 
is the availability of capable personnel who have a systematic 
approach to problem solving, and who have been properly trained 
on, and are familiar with both t·he Phoenix 211 Disk Controller 
and user associated disk drives. 

Training of personnel on the disk controller and associated 
disk drives requires two weeks, with one week being spent on 
each. Use of untrained user personnel, no matter how capable, 
to maintain a Phoenix 211 Disk Subsystem is not recommended. 
Such individuals will not be able to get the job done properly, 
even if provided with a-IOO% complement of spares and mainten­
ance equipment, and are likely to induce failures into a sub­
system, by abusing the equipment physically, and/or electrically. 
An untrained field service engineer is worse than no field ser­
vice engineer. We are all too familiar with the true war stories 
of personnel who are "experts" at taking apart equipment, but 
who, under no circumstances can put it back together again and 
make it work. 
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2.1.3.3 CONSIDERATIONS 

Assumption of maintenance responsibility by the user is not 
to be taken lightly or without serious consideration of the 
economics involved. If the field service engineer were to 
be dedicated to Phoenix 211 Subsystems, it would take a total 
of 12 Disk Drives and 6 Phoenix 211 Disk Drives to break even, 
in terms of paying for labor, parts, and equipment. 

-4- C~··· .~ 
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3.0 

3.1 

3.2 

PHOENIX 211 DISK CONTROLLER 

MAINTENANCE TOOLS 

Disk Diagnostic Program 

The chief maintenance tool provided by Xylogics is the Phoenix 
211 Disk Diagnostic Program. This program is designed with the 
Philosophy that nothing in the disk controller operates prop­
erly, and it attempts to prove just that. 

The Disk Diagnostic initially exercises the smallest amount of 
disk controller logic possible to determine proper operation. 
Once proper operation has been verified, this logic is then 
used to exercise additonal logic. This process is then re­
peated until all of the disk controller logic has been tested. 

A natural byproduct of this approach is that the logic being 
exercised in any test or subtest can usually be readily ident­
ified. 

Disk Diagnostic Program Manual 

The Phoenix 211 Disk Diagnostic Program Manual provides the 
user with complete instructions on how to operate the Phoenix 
211 Disk Diagnostic Program in addition to specific details on 
what functional logic is being exercised by each test, and on 
what board(s)the logic is phYf?ically contained on are provided. 

The intent is to enable the user to determine what functional 
logic is inoperative, and what board(s) are suspect by running 
the diagnostic program and noting what specific test and sub­
test an error occurs on. 

3.3 Functional Logic Partitioning Guide 

For those users who desire to become involved in troubleshoot­
ing to the component level a functional logic partitioning 
guide is provided which identifies each functional logic block 
by name, physical board where it is located, and a drawing 
sheet reference. 

3.4 Documentation Conventions Glossary 

A documentation convention glossary is also provided, which 
explains in detail all documentation conventions and symbology 
utilized by Xylogics in the Phoenix 211 logic drawings. 
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This glossary should go a long way towards minimizing the 
amount of user time required to familiarize himself with 
the hardware for maintenance purposes. 

3. 5. Hardware Documentation Package 

A complete hardware documentation package is supplied with 
each Phoenix 211 Disk Controller. This hardware documen­
tation package includes: 

Logic Drawings 
Assembly Drawings 
Parts Lists 
Wiring Lists 
Drawing Directory 

Care has been taken to maximize the amount of information pro­
vided to the user by functionally partitioning, labeling, and 
adding notes wherever appropriate to all logic drawings. 

3. 6. Operators Manual 

An operator's manual is provided which covers all topics from 
physical unpacking, installation, and checkout to providing de­
tailed descriptions of each user defined parameters, and in­
structions on how to change such parameters. 

The operator's manual provides an insight into the myriad of 
options provided by the Phoenix 211 Disk Controller to the 
user, as well as an insight into how the parameters are logic­
ally implemented in the disk controller. 

The Phoenix 211 operator's manual is recommended reading for 
those users intending to perform their own component level 
maintenance. 

3. 7. Phoenix 200 Formatter Interface Manual 

The Phoenix 211 Disk Controller physically consists of the 
Phoenix 200 Disk Formatter and the Phoenix 211 Interface Board. 

The Phoenix 200 Disk Formatter is equipped with a standard 
interface which is adapted to the PDP-11 Unibus by the Phoenix 
211 Interface Board. (The Phoenix 200 Formatter has been inter­
faced to many other computers as well) 

The Phoenix 200 Formatter Interface Manual describes in detail 
the signal, electrical, and timing relationships required to 
cause the Phoenix 200 Disk Formatter to perform the required 
disk data transfer operations. 

This manual is likewise, recommended reading material for those 
users interested in performing their own component level main­
tenance. 
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4.0 PHOENIX 211 DISK SUBSYSTEM MAINTENANCE DON'TS 

1. Do not touch any hardware associated with the disk controller 
or disk drive without first analizing fault symptom, as defined 
by supplied diagnostic program. 

2. Do not remove any printed circuit board of disk controller or 
disk drive without first turning power off. 

3. Do not, under any circumstances, take down another working sys­
tem-rn order to attempt to isolate a fault in a defective system. 
More often than not, two defective systems will result. 

4. Do not, under any circumstances, randomly substitute spare boards 
into-a defective system. More often than not defective system 
will not be fixed and disposition of spare boards will be com­
promised. 

5. Do not substitute more than one spare board at a time into a 
Phoenix 211 Disk Subsystem. Changing more than one board at a 
time does not facilitate fault isolation to the board level and 
increases the proba.bi1ity of inducing additional faults into the 
system, by inserting boards into the wrong backplance locations 
(particularly on the disk drives) . 

6. Do not attempt to diagnose a disk subsystem problem using any 
type of operating system or with any valued data pack on any 
of the disk drives connected to the disk controller. Use of any 
data pack on a suspect disk subsystem will more likely than not, 
result in the loss of data contained on any such pack, and will 
not provide any useful diagnostic information. 

7. Do not call Xylogics for assistance if a disk subsystem problem 
occurs, until after the supplied disk diagnostic program has been 
run and the following information can be supplied to Xylogics 
personnel. 

Failing Test Number 
Failing Subtest Number 
Actual Erroneous Test Data Obtained 
Reference Test Data 
Failing Program Count Value 
System Configuration 

Computer Model 
Memory Capacity 
Other peripherals on System 
Position on Bus of Phoenix 211 Interface Board 

Disk Drive Type and Model 
Number of Disk Drives 

Telephone calls indicating such system failure symptoms as "FAILED TO 
BOOT", "HOME BLOCK READ ERROR", etc. have no significance to Xylogics 
personnel and are a waste of time and money. 
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Phoenix 211 Disk Controller 

Maintenance Manual 

5.0 COntroller Physical Organization and IDgic Partitioning 

5.10 General 

The Phoenix 211 Disk Controller physically consists of a total of 
five hex 8~1I x 15 11 printed circuit boards compatible with any 
standard DEC backplane assembly. 

5.20 Phoenix 200 Formatter 

5.2.1 Four of the printed circuit boards are mounted in a supplied four 
slot systems unit type backplane assembly. 

5.2.2 The systems unit backplane assembly can be mounted directly in any 
standard computer or BAllK Expansion Chassis which physically has 
room. 

5.2.3 Power for the backplane assembly and associated printed circuit 
boards is provided by the host computer or expansion box, and a 
power harness to connect to the power distribution connector of 
the host is also supplied. 

5.2.4 The four boards and backplane assembly constitute the Phoenix 200 

( 

Formatter which is also sold as a separate product by xylogics. ..,,/ 

5.2.5 The four printed circuit boards comprising the Phoenix 200 For-
matter are identified as simply "Phoenix 200 Formatter Board 1,2, 
3, or 4" in all associated documentation. 

5.2.6 The Phoenix 200 Formatter is not physically tied to the host PDPll 
Computer Unibus. ---

5.2.7 Each pin of all connectors on a given I/O slot of formatter back­
plane assembly is bussed to the same pin on all of the other three 
I/O slots of the backplane assembly. 

Hence any Formatter board ~ be plugged into any ~ slot of the 
backplane assembly to faci11tate maintenance operat1ons. 

5.30 Phoenix 211 Coupler (PDP11 Interface Board) 

5.3.1 The fifth printed circuit board assembly, the Phoenix 211 Coupler, 
is used to interface the Phoenix 200 Formatter to the PDPll Unibus. 

5.3.2 The Phoenix 211 Coupler Board occupies one standard hex Small Per­
ipheral Controller (SPC) I/O slot available in any DEC PDPll com­
puter or expansion chassis, and is connected to the Unibus or said 
computer. 

-8-
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5. 3.3 The hex I/O slot used for the Phoenix 211 Coupler Board must be 
altered to allow the DMA Non Processor Grant Signal to pass ser­
ially through the board as specified in the installation instruc­
tions. 

NOTE: In most cases the alteration consists of cutting one wire 
on the I/O slot backplane. 

5.3.4 The Phoenix 211 Coupler Board is physically connected to the 
Phoenix 200 Formatter via a 50 conductor shielded ribbon cable 
provided for that purpose. 

5.4.0 Physical Logic Partitioning 

The total logic of the disk controller has been physically parti­
tioned on a functional basis to achieve modularity and flexibility. 

The following sheets provide a tabulation of the functional logic 
blocks contained on each of the five controller printed circuit 
board assemblies, as well as logic drawing sheet reference to facil­
itate controller maintenance. 
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Phoenix 211 Disk Controller 

Physical Logic Partitioning 

Phoenix 211 PDP11" Interface Board 

The following functional logic blocks are physically contained on 
the Phoenix 211 PDP11 Interface Board. (Reference Logic Drawing 
D1025) 

Functional Logic Block 

1) Unibus Data Bus Buffering Logic 
2) Unibus Address Bus Buffering Logic 
3) Interrupt Vector Logic 

4) Interrupt Priority Selection Logic 
• 

5) Unibus Control Signal Buffering Logic 
6) Unibus DMA Control Logic 
7) Unibus Interrupt Control Logic 
8) DMA Throttle Logic 
9) Main Bus Address Register 

10) Strip Option Address Register 
11) Strip Control Logic 
12) DMA Word Count Register 
13) Register Address Decode Logic 
14) Formatter Interface Logic 

-10-

Drawing Sheet Reference 
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1 

1 

2 

2 
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3 
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Phoenix 211 Disk Controller 

Physical Logic Partitioning 

Phoenix 200 Formatter Board 1 

(Non Queue) 

The following functional logic blocks are physically contained on 
Board 1 of the Pheonix 200 Formatter. (Reference Logic Drawing 
01032) 

Functional Logic Block Drawin<] Sheet Reference 

1) Formatter Coupler Interface Logic 1 

2) Formatter Register Address Control Logic 1 

3) Formatter Interrupt Request Logic 1 

4) Command & Status Register 2 

5) General Error Logic 2 

6) Error Register 2 

7) Multiple Computer Arbitrat.ion Logic 3 

-11-



Pheonix 211 Disk Controller 

Physical Logic Partitioning 

Phoenix 200 Formatter Board 2 

The following functional logic blocks are physically contained on 
the Pheonix 200 Fo~matter Board 2. (Reference Logic Drawing 
Dl033-0l) 

Functional Logic Block 

1) Seek Logic 
2) Disk Status Register 
3) FIFO Transfer Request Delay Logic 
4) Data Late Error Detection Logic 
5) DMA Request Control Logic 
6) Even, Odd FIFO Memories 
7) Optional Data Port Interface 
8) FIFO Read Data Multiplexing Logic 

9) FIFO Write Data Multiplexing Logic 
10) FIFO Write/Read Control Logic 

11) Serial to Parallel Data Conversion 

a.) Data Shift Register #1 
b.) Data Shift Register #2 

c.) Shift Register Data Multiplexer 

12) Data Shift Register Control Logic 
13) Write Check Error Logic 

-12-
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Phoenix 211 Disk Controller 

Physical Logic Partitioning 

Phoenix 200 Formatter Board 3 

The following functional logic blocks are physically contained on 
the Pheonix 200 Formatter Board 3. (Reference Logic Drawing 
Dl034-0l) 

Functional Logic Block Drawing Sheet Reference 

1) CRC Generation & Check Logic 1 

2) Self Test Logic 1 

3) Bad Sector Ident Detect & Skip Logic 1 

4) Sector Write Protect Logic 1 

5) Header Check Logic 1 

6) Disk Sequencer Logic 3 

7) Disk Word Count Register 4 

8) Sequencer Word Count Logic 4 

9) Controller Busy/Done Logic 

10) Seek Start Logic 

11) Servo Offset Done Delay Logic 

12) Linkage Strip \o'lord Count Logic 

4 

4 

4 

4 

13) Unit, Sector, Head Register 5 

14) Maximum Sector Detect Logic 5 

15) Maximum Head Detect Logic 5 

16) Head and Cylinder Incrementation Logic 5 

17) Command Decode Logic 2 

18) End of Sequence Control Logic 2 

19) Sector Coincidence Enable Logic 2 

20) Maintenance Panel Switch Write Protect Logic 2 

21) Maintenance Panel Indicator Logic 2 
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Phoenix 211 Disk Controller 

Physical Logic Partitioning 

Phoenix 200 Formatter Conotrol DOata Corp. Compatible Board 4 

The following functional Logic Blocks are physically contained on 
Board 4 of the Phoenix 200 Formatter. (Reference Logic Drawing 
D1035) 

Functional Logic Block 

1) Power Fail Detect Logic 

2) Disk Control Bus Logic 

a.) Control Data Bus Drivers 

b.) Tag Bus Drivers 

c.) Cylinder Tag Logic 

d.) Head Tag Logic 

e.) Control Tag Logic 

f.) Tag Timing Logic 

Drawing Sheet Reference 

1 

1 

3) Miscellaneous A Cable Disk Interface Logic 1 
a.) Fault 

b.) Seek Error 

c.) On Cylinder 

d.) Unit Ready 

e.) Unit Select ., 1 

f.) Port Busy 

4) Physical Port. Radial Cable Disk Interface 2 

5) Physical Port 1 Radial Cable Disk Interface 2 

6) Physical Port 2 Radial Cable Disk Interface 2 

7) Physical Port 3 Radial Cable Disk Interface 2 

8) Sector Coincidence Detector 3 

9) Cylinder Address Register 4 

10) Maximum Cylinder Detect Logic 4 

11) Header Control Logic 4 

12) Port _-3 Sector Count Logic 5 

13) Sector Count Multiplexing Logic 5 

14) Sector Interleaving Logic 5 

15) Data and Clock Multiplexing Logic 5 
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XYLOGIC OEM Components Group, Inc. 

42 Third Avenue 

Burlington, Massachusetts 01803 

617-272-8140 

6.0Documentation Standards and Conventions 

6.1.0 General 

Standard documentation standards are utilized on all of the logic 
drawings provided in this manual in order to convey as much infor­
mation as possible to the user. 

The following sections of this document are devoted to defining 
the standards used. 

6.2.0 Backplane Signal Identificat.ion Symbol 

6.2.1 All logic signals corning from or going from a printed circuit 
board to the backplane assembly via any of edge connectors are 
identified on the logic drawings with diamond symbol «». 

6.2.2 The connector and pin number by which any such si'gnal is to be 
interfaced to the backplane assembly is contained above the 
diamond symbol enclosed in square brackets. 

Example: <> @S] t"--Connector and pin No. 

6.3.0 Ribbon Cable Connector Identification Symbol 

6·3.1 Ribbon Cable Connectors, if used, are normally contained on the 
top of a printed circuit board assembly. 

6·3.2 If more than one such connector is used on a printed circuit 
board, the rightmost connector (when viewing the board from the 
component side) is labeled Jl. Subsequent connectors moving to 
the left are labeled J2, J3, etc. 

6.3.3 Pine 1 of any ribbon cable connector is located on the left side 
of the connector when viewed from the component side of the board. 

6. 3.4 Any signal going to or coming from a ribbon cable connector is 
identified by the symbols », >,or >< in conjunction with the 
connector number, pin number, and signal name. 

-15-



An example of a signal going to a ribbon cable connector is 
as follows: 

» J3-34 READH 

6.3.4.1 If a ribbon cable edge connector is the source of a signal, 
the connector symbol, connector number, pin number and sig­
nal name will appear to the left of the point where it is 
used. 

6.3.4.2 If a ribbon cable edge connector is a load for a signal 
generated on a board, the connector symbol, connector num­
ber, pin number, and signal name will appear to the right 
of the source for the signal. 

6.4.0 Signal Name Conventions 

6.4.1 Signal Active State Designation 

The active state of any named signal appearing on any supplied 
logic drawings may be readily determined by examining the sig­
nal name associated with the signal. 

The last character of the signal indicates the active state of 
the signal per following: 

6.4.1.1 Case 1 - Signal Source is Non Memory Logic Element 

If the source of a signal is a gating logic element the last 
character of the signal name will be an H or L depending on 
whether the signal is active when in the logic 1 state or 
logic J state respectively. 

6.4.1.2 Case 2 - Signal Source is Memory Logic Element 

If the source of a signal is a memory element such as a flip 
flop, the last character of the signal name will be (1) or 
(J) depending on whether the signal is active when the mem­
ory element is set or reset respectively. 

6.4.2 Signal Name Philosophy 

6A.2.l A signal will normally be named if it is used on more than 
one sheet of logic drawings, or if it is used so many times 
on one sheet such that it cannot be interconnected without 
"cluttering up" the drawing. 

6A.2.2 Signal names, when used, will normally be limited to 7 char­
acters or less, and will reflect as close as possible, the 
operation or function of the associated ~ignal. 

-16-
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6.5.0 

6. 5.1 

Signal Sheet Cross Referencing 

Signals appearing on the supplied logic drawings fit into three 
categories not previously discussed. By noting the conventions 
used in signal cross referencing, the user may quickly determine 
whether a signal has additional loads on the same or other sheets 
of the logic drawings. 

If a signal is used elsewhere on the same sheet, the signal 
name is appended to the end of a straight line at the signal 
source. An example of this is: 

6. 5.2 If a signal is not used anywhere else on the current logic sheet, 
but is used on other sheets, a circle is appended to the end of 
a line at the right of signal source, and all other sheets where 
the signal is used are identified in parenthesis immediately 
above the circle. 

An example of this signal cross reference is: 

J=l--.. _--.., 
.. ../' 

b·· 
(SHT 4,5) 

"()READL 

READL is not used anywhere else on sheet, but is used on sheets 
4 & 5. 

6. 5.3 If a signal is used elsewhere on the same sheet, and also used 
on other sheets,a solid circle is appended to the end of a line 
at the right of the signal source, and all other sheets where the 
signal is used are identified in parenthesis immediately above 
the solid circle. 

An example of this signal cross reference is: 
J 1 (SHT 4,5) 
./·L..../ 0-·----··-. READL 

READL is used elsewhere on logic sheet as well as on sheets 4 & 5. 

6.6.0 Logic Symbology 

6.6.1 Logic symbols used in all supplied documentation are industry stand­
ard and are used in a manner conducive to making the logic prints 
easy to understand. 

6.6.2 AND/OR Interpretation 

Logic elements, particularly gating elements may be drawn as either 
an "AND" or as an "OR" function. In all supplied documentation, a 
gating element will be drawn as either an "AND" or "OR" function as 
appropriate, to best convey the logical function being implemented. 
Hence a standard 7400 NAND Gate may be drawn as: 
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A. ) AH 7400 

BH *D0~.-.-. CL ~L = AH'B~ 
or 

B. ) AL 7400 

BL~--CH lEOH = AL + ~ 

L = Active State = Logic ~ 
H = Active State = Logic 1 

6.6.3 MSI, LSI Symbology 

Medium scale and large scale integrated circuit devices used are 
symbolically shown as a rectangular box with the suppliers func­
tional notation inside the box next to the associated circuit pin. 

6.6.4 Manufacturer's Part Number Listing 

The common manufacturer's part number is located prominently in­
side or outside any logical device used to facilitate cross refer­
encing and user understanding of any questionable device function. 

6.7.0 Printed Circuit Board Component Orientation 

Integrated circuit components for most boards supplied are organized 
on a grid basis. 

6.7.1 The component grid supplied consists of both rows and columns. 

6.7.2 A component is assigned a grid address based on the row column 
coordinates associated with its location per the following: 

6.7.2.1 Row Coordinate 

The integrated circuit components are normally organized hori­
zontally into 10 rows on a hex sized printed circuit board. 
These rows are assigned A,B,C,D,E,F,G,H,J,& K with the "A" row 
being just above and covering the six backplane edge co~nectors. 

6.7.2.2 Column Coordinate 

The integrated circuit components are normally organized verti­
cally into 12 columns on a hex sized printed circuit board ident­
ified as 1-12. The columns are assigne~ consectutive1y right 
to left with column 1 being at the right hand side of the board 
when-vIewing the component side of the board with the board verti­
cal and resting on the backplane edge connectors. 
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6.7.2.3 

( 
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Component Location Designation 

The location designation of any component appearing on all 
documentation is determined by the row coordinate followed 
by the column designation. 

Hence, the location designation of the component appearing 
on the extreme lower right hand corner of printed circuit 
board is "AI" while the location designation of the compon­
ent at the extreme top left hand corner of the printed cir­
cuit board is "KI2". 
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Phoenix 211 Disk Controller 

Maintenance Manual 

7.0 Required Test Equipment 

The following equipment is required to test and maintain the Phoenix 211 
Disk Controller. 

Item -
1 
2 
3 
4 

5 

6 

7 
8 
9 

10 
11 
12 
13 

Quantity 

1 
1 
1 
3 

1 

1 

1 
1 
1 

AIR 
AIR 

1 
AIR 

Equipment Descr"iption 

PDPII Computer with a mimimum of 8192 words of memory 
DEC W984 Quad Extended Height Extender Board 
DEC W987 Double Extended Height Extender Board 
Pomona 3916 Dip Clip - 16 pin dual inline integrated 
circuit test clip or equivalent 
Tektronix 453 Dual Channel Oscilloscope with external 
trigger, XlO Probes, or equivalent 
WTCPN Weller Controller Temperature Soldering Iron 
or equivalent 
"Micro-Shear" 175 Flush Safety Cutter or equivalent 
Xcelite 4lCG Needle Nose Pliers or equivalent 
Precista T-2C Solder Removal Tool or equivalent 
Alpha 815 Flux or equivalent 
Service Chemical D-Sol F-13 Defluxer or equivalent 
Solder Removal Co. Insertic '880 Insertion ~ool 

or equ1valent 
Solder, 63/37 Rosin Core 

-20-
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PHOENIX 211 DISK CONTROLLER 

MAINTENANCE MANUAL 

8.0 RECOMMENDED SPARES 

8.1. 0 PHOENIX 211 SPARES LIST 

Interface 
Board 1 Standard 
Board 1 with Command Queue 
128 Word Buffer Board 2 
512 Word Buffer Board 2 
Board 3 
CDC Board 4 
Calcomp Board 4 
Cables & Terminator 

8.2.0 CDC 9762 DISK DRIVE SPARES LIST 

Field Exerciser for Disk Unit 
First Level Spares for CDC 9762 

1 head, 1 set of boards, tools 
Alignment Pack 

-21-

PRICE 

$1000 
1150 
2000 
1000 
1300 
1000 
1200 
1200 

500 

3200 
3500 

1750 



PHOENIX 200 DISK CONTROLLER 

9.0 MBTF Prediction Calculations 

9.1 Reference Used 

Reliability calculations were made using the MIL-HDBK 
2l7B, Parts Count Prediction Method. 

9.2 Reliability Prediction Formula 

The formula used to predict reliability MBTF is: 

AEquip <'ian Ni ( "G 11. ) i == . ,,:i=l Q 
AEquip failure 

6 
Where: -Total rate of ( /10 hr) 

). 
G = Generic failure rate for ith part 

I Q = Quality factor for ith part 

Ni = Quantity of ith part 

n = Number of catagories 

NOTE: Only Failures which cause non-operation were in­
cluded. 

9.3 Disk Controller Configuration 

The Phoenix 211 Disk Controller configuration used in 
the reliability prediction calculations was as follows: 

Phoenix 211 Interface Board 
Phoenix 200 Board 1 
Phoenix 200 Board 2 
Phoenix 200 Board 3 
Phoenix 200 Board 4 
Phoenix 211 Autoswitch Board 

-22-



( 

( 

.9.4 

9.4.1 

9.4.2 

9.4.3 

9.4.4 

9.4.5 

9.4.6 

9.4.7 

Calculation Summary 

For the 211, with interface and autoswitch, the calcula­
tions are as follows: 

Component Failures F/l06 hours 

Integrated Circuits 88.98 

Capacitors 12.48 

Resistors .85 

Connectors, edge 3.13 

Connectors, right angle .625 

Other .509 

Total: 106.074 

Failures/l06 hours 

9.5 Predicted MBTF 

The net result is a predicted MTBF of 9500 hours. 
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Phoenix 211 Disk controller 

Maintenance Manual 

10.0 Data Flow 5eqUenoe 

10.1.0 Nonnal Disk Write SE!quenoe 

10.1.1 When write operation is initiated data is transferred a word at 
a time via DNA through 2:1 Multiplexer into Latch register pre­
ceding FIFO memories. 

10.1.2 All odd data words are transferred from the latch register into 
FIFO Memory '1. 

10.1.3 All even data words are transferred from the' latch register into 
FIFO Memory '2. 

Such DMA transfers will continue until both FIFO memories are full 
arunti1 the DNA Word Counter overflows. 

10.1.4 When disk controller is in synchronism with the disk drive and the 
beginning of the sector data field is reached, data is transferred 
in parallel from the two FIFO memories to one of the two shift reg-
isters. . 

10.1.5 Data is then shifted serially from one of the shift registers to 
the disk. 

10.1.6 Data Words are alternately loaded into Shift Register '1 and then 
Shift Register '2. 

10.1.7 When the contents of one shift register are being transferred to 
the disk, the other shift register is loaded from the FIFO mem­
ories with the next word to be transferred. 

10.1.8 The Disk Word Count Register is incremented once for each word 
transferred to the disk. 

10.2.0 Nonnal Disk Read SE!quenoe 

10.2.1 Data is received serially from the disk drive and into one of the 
two serial shift registers. 

10.2.2 When a 16 bit data word has been accumulated, the serial data bit 
stream is diverted to the other shift register and the data word 
collected is transferred in parallel to one of the two FIFO 
Memories. 

The Disk Word Count Register is incremented once for each word that 
is·;:'x:~ceived from the disk • 

. ~ ,,: 
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lQ.2.3 Normally all odd data words are formed in Shift Register #1 and 
stored temporarily in FIFO Memory #1 while all even data words 
are formed in Shift Register #2 and stored temporarily in FIFO 
Memory #2. 

10.2.4 When the presence of data is detected in either FIFO, DMA re­
quests are initiated to the host computer. 

Data Words are extracted alternately from the two FIFO memories 
until either the Dl1A word Count Register overflows or the FIFO 
memories are empty of all disk data. 
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PHOENIX 211 DISK CONTROLLER 

Data Paths Block Diagram 

Figure 1 
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Phoenix 211 Disk Controller 

Interface Board Simplified Block Diagram 

Figure 2 
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11.0 Hardware Documentation 

11.1 The following sections of this manual contain all of the 
hardware 'documentation for the Phoenix 211 Disk Controller. 
For each major Phoenix 211 Sub Assembly the .fo11owing doc­
umentation is provided: 

Parts List 
Assembly Drawing 
Wiring Lists· 
Logic Drawings • 

• Where appropriate. 

11.2 The first section contains an overall drawing Directory 
or "Phoenix 211 Family Tree", for the Phoenix 211 Disk 
Controller. 

11.3 The major Phoenix 211 Subassemblies organized in order of 
presented in this manual are as follows: 

1. Phoenix 211 Interface Board 
2. Phoenix 200 Board 1 
3. Phoenix 200 Board 2 
4. Phoenix 200 Board 3 
5. Phoenix 200 Board 4 
6. Phoenix 200 Systems unit 
7. Phoenix 211 Interconnect Cable 
8. Disk Drive A Cable 
9. Disk Drive B Cable 

10. Phoenix 211 Autoswitch Board 
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ECC LOGIC DESCRIPTION 

I Error Correction Code Logic Block Diagram Discussion 

Figure 1 is a block diagram of the circuits used to implement error correction 
processing within the Formatter. The circuits on this diagram can be looked at as 
performing three separate functions, all related to error correction code processing. 

1. Generation of a 32-bit ECC redundancy code during write operations. 
This information is written serially on the disk immediately fol­
lowing the 256 word data field (Figure 2). 

2. Checkout of the ECC redundancy field during read operations to detect 
the possible presence of a data check error. The check is made by 
ANDing together the low order 21 bits of the ECC register and looking 
for a zero status. 

3. Entry into the error correction process on detection of a data check 
error indicated by the fact that the low order 21 bits of the ECC 
register are not zeros. This has two immediate effects with respect 
to the Phoenix 211 Interface lines: 

The DONE (INTRL) signal normally inserted at the end of a transfer 
is inhibited or delayed until completing error correction processing. 

The CRC error (CRCERR) bit in the Error Register is set causing the 
setting of the composite error bit in the control and status re­
gister. 

Following the error correction process, the Formatter detects one of two conditions: 

1. Deteces the II-bit error burst and its position (physical location 
within the data field). The burst pattern and position information 
are supplied to the software operating system via the appropriate 
registers. 

2. Determines that the error is non-correctable and sets the error cor­
rection hard error bit in the ECC Bit Location Count Register. 

II Generating and Writing the ECC Field (Write Operation) - Generating and writing 
the ECC redundancy code in the ECC field (Figure 1) occurs when the Formatter executes 
either of the write commands. The code is formed within the ECC shift register during 
the time that the data field is written onto the disk. Each bit shifted from the 
shift register (for transfer to the disk) is also entered into the ECC shift register. 
This is accomplished as follows: 

a. Signal (WGH) WRITE GATE H (applied to the ECC register feedback control 
logic) is asserted since a write operation is in progress. 

b. At the start of the data field, signal (WCCGH) WRITE CHECK CHARACTER 
GATE is negated. This in turn causes A7-6 to switch high and enable 
the ECC register feedback gating. 



ONEs and ZEROs coming trom tne Snl.tt register (sl.gna~ UA·j.·AUU·j.· .... , now tlnt.t:lL 1..110:: .:. .......... 

shift register throughout the data field transfer. In this way, the ECC redundancy 
code (to be written onto the disk following the data field) is formed. At the end 
of the data field, signal WCCGH asserts because it is now time to write the ECC 
field associated with the data just written. Signal WCCGH inhibits the ECC Register 
feed back at A6-2, the ECC Register is now shifted to the NRS data latch (on Board 2 
SH2 of logics) where the serial pulse train of write data is generated (DATAOUT) 

III Checkout of the ECC Redundancy Code (Read Operation) - During read operations, the 
ECC redundancy code is formed again by applying each data field bit read from the 
disk to the ECC shift register. When reading from the disk, the enabling of the 
ECC register feedback gating is effected in the following way: 

IV 

a. With a read operation undertaken, signal (RDGATEH) READ GATE (applied 
to the ECC register feedback control logic) is asserted. 

b. At the end of the Preamble *2, signal DATAH asserts to define the start 
of the data field. 

c. Signal WCCGH is negated to enable the ECC register feedback gating and 
thereby allows each bit coming from the disk (READDATAH) to enter the 
ECC register. 

Applying each bit read from the disk to the ECC register (with the feedback loop 
enabled) reconstructs the same code that was attached to the ECC field when the 
data was written. 

When the end of the data field is reached, signal DATAH negates; however, signal 
WCCGH is negated to maintain signal A7-6 at the asserted level allowing the ECC 

. field bits coming from the disk (READDATAH) to enter the ECC register while the 
feedback loops are still enabled. 

When the ECC redundancy code read from the disk and clocked into the ECC register 
matches that developed (in the ECC register) at the close of reading the ECC field 
E3ignal RCCGATE - read check character gate) then the 2.1 low order bits of the ECC 

register all contain zeros. This means that the data freld ha.s checked out OK, 1\8 
a result, signal El-4 (zero~s detect) asserts and sector processi:ng :ts terminated 
normally by raising the EOSH signal, . 

NOTE 
The 21 low order bits of the ECC pattern register are ANDed 
together. When all bits are zeros! signal El.,.4 rzero detectl a.sserts. 

When the. 21 low order bits of the ECC register fail to contain all zeros f it means 
that there is an error in the data read from the disk. The a.ctual location and the 
nature (soft or hard) of that error is not known at this time~· The Formatter now 
enters the error correction process (provided it is not inhibited from doing so) as 
described in the subsequent paragraphs •. 

Error Correction Processing - When signal El-4 (zero detect) fails to assert at the 
end of the ECC envelope, the data check error detect logic issues three outputs that 
are used as follows: 

1. Signal ECCERROR (1) asserts to set bit 8 (data check errorl in the Error 
Register. 

2. Signal CRCERR (1) asserts, This is used in the Busy/Done logic to inhibit 
generation of the DONE (Formatter Ready) signal. 

NOTE 
If the Error Correction Inhibit (ECI) bit in the 
ECC pattern register is set. INTRL signal is sent 
to the Interface. The error correction process in 
this case, is inhibited 
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3. CRCERR (1) is applied to enable the ECC correction enable logic. The 
latter circuit now asserts A9-5 (correction enable) provided that the 
error correction enable signal (ECCENB (1) is asserted. 

1. 

2. 

Assertion of A9-5 together with CRCERR (1) begins the error correction 
process and has two immediate effects: 

It negates signal A4-8 via the ECC register feedback control logic to 
force zero's as data. (This is essential for the error correction 
process) • 

Enables clocking of the leading zero's word counter to maintain a count 
of each bit serially shifted within the ECC register. 

NOTE 

The polynomial used for the error correction 
process is capable of accommodating a f~eld 
much larger than the 256 word data field of 
each sector. For this reason, the Formatter 
goes through a process of shifting leading 
zeros within the ECC register and feedback 
paths. The zero's word counter maintains a 
count of the leading zeros. This is done so 
the time at which error correction code pro­
cessing enters .the data field can be decoded 
and the task of detecting the II-bit error 
burst can begin. 

The number of leading zeros shifted within the pattern register depends on the Data Field 
format that is being used. The leading zero value is shown below: for a data field of 256, 
16 bit words. 

LEADING ZEROS DATA FIELD ECC FIELD 

I f 
16-bit38,85~ S 

When the applicable number of leading zeros has been counted, the data field entry detect 
logic asserts signal B5-9 (Leading zero's counter overflow.) This acts as an enabling 
signal to the position register shift lock enable gating. The position register keeps a 
count of data field bits shifted (in the ECC register) until such time as the II-bit 
error burst is located. A second use of signal B5-9 is its application to the error burst 
detect clock circuits. Here it acts as an enabling signal (i.e., in an anticipation of de­
detecting the II-bit error burst) because the shifting of bits is now within the data field. 
Conditions are now set up for detecting the presence of the error burst in the 11 high 
order bits of the ECC register. That portion of the ECC register is also called the 
"ECC pattern" register. Design is such that the location of the 11 bit error burst is 
detected as being identified when the 21 low order bits all contain zeros (i.e., as a 
result of the continuous shifting/feedback process). An all zero condition is sampled 
in the zero detect gating and asserts signal zero (~). On application to the ECC correc­
tion enable logic, signal Zero (~) produces the following results: 

a. Inhibits the position register shift clock enable gating to stop the count of 
the position register at that point in the data field (or ECC field). The 
count stored in the "ECC position" register identifies the physical location 
within the data field, of the first bit of the II-bit error burst. 

b. Causes the error burst detect logic to assert signal ECCABOL. This, in turn, 
has a double effect: 
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1. Inhibits the BeC register shift clock enable gating so that no further 
shifting of bits occurs in the ECC register. This is necessary because 
the 11 high order bits ("ECC pattern" containing the error burst) must 
now be sent to the central processor. 

2. Forces the DONE generation logic to send an INTR signal to the Interface. 
This is done to indicate that error correction processing is complete and 
that the CPU may now take the contents of the ECC position and pattern 
registers. 

c. Inhibits further counting by the leading zero's word counter. 

This completes Formatter error correction processing for those cases where the location 
of the error burst is detected within the data field and the error is correctable. If 
the error correction logic fails to detect an error burst within the data (or ECC) field, 
the Formatter notifies the CPU of a "hard error" condition. This condition is indicated 
to the logic by the fact that the Bit Location counter has exceeded the maximum size of 
the entire ECC code length without having found an all zeros condition in the low order 
21 flip-flops of the ECC register. 

NOTE 

By definition, "hard error" means that the 
Formatter failed to detect a correctable 
error burst within the data or ECC fields. 

The error correction logic keeps a count of the bits being shifted in the pattern register 
after the shifting process enters the data field. Consequently, when the Bit Location 
counter reaches a value of 412810 bits* (following entry into the data field) it means 
that no error burst has been detected and the uncorrectab1e error bit must be set in the 
bit location count register. This occurs when the data field entry/hard error detect 
logic determines that the count from the Bit Location counter has gone past the ECC field :, 
and asserts signal UNCORER (1). 
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